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I.
While an induction motor at constant impressed voltage is

fully determined as regards current, power factor, efficiency,
etc., by one independent variable, the load or output, in the
synchronous motor two independent variables exist, load and
field excitation. That is, at constant impressed voltage the
current, power factor, etc., of a synchronous motor may at the
same power output be varied over a wide range by varying the
field excitation, that is, the counter e.m.f. or "nominal induced
e.m.f." Hence the synchronous motor may be utilized to fulfill
two independent functions, to carry a certain load and to pro-
duce a certain wattless current, lagging by under-excitation,
leading by over-excitation. Synchronous motors are, therefore,
to a considerable extent used to control the phase relation and
thereby the voltage, in addition to producing mechanical power.
The same applies to synchronous converters.
With given impressed e.m.f., field excitation or counter e.m.f.

corresponding thereto, and load, determine by the usual theory
all the quantities of the synchronous motor, as current, power
factor, etc. Thus, if in diagram Fig. 1, 0Ee = e.m.f. con-
sumed by the counter e.m.f. of the synchronous motor as cor-
responding to its field excitation, and if Po = output of motor
(exclusive of friction and core loss and, if the exciter is driven
by the motor, power consumed by the exciter), i,1- P0/e
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782 STENNMETZ: SYNCHRONOUS MOTOR [June 1I

energy component of current, represented by 0 1,, and the cur-
rent vector therefore must terminate on a line i perpendicular
to O I. If, then, r = resistance and x = reactance of the cir-
cuit between counter e.m.f. e and impressed e.m.f. e0, QEr
i r = e.m.f. consumed by resistance, 0 Ei i,x = e.m.f. con-
sumed by reactance of the energy current i, hence 0 E'l,
e.m.f. consumed by impedance of the energy current i,, and the
impedance voltage of the total current lies on the perpendicular
e on OEl. Producing 0 E, OE, and drawing an arc with
the impressed e.m.f. eo as radius and E, as center, the point of
intersection with e' gives the impedance voltage OF1, and cor-
responding thereto the current 0 I-i; and completing the
parallelogram 0 E E, E' gives the impressed e.m.f. 0 EoF

I;

El, =___ __, K X [ t <- -

FIG. 1

Hence, by impressed e.m.f. e, counter e.m.f. e, and load P,,
the polar diagram is determined, and thereby the vectors 0 1
current, OE = impressed e.m.f., 0 E- counter e.m.f., anu
their phase relation.

Or, in symbolic representation, let:
E = e±+ je =impressed e.m.f.; e, ye"+2J e2 (1)
E = e' + e" = e.m.f. co-nsumed by counter e.m.f.; e

,\/e /2+ e"/2 (2)
I = i = current, assumed as zero vector.
Z = r-j x = impedance of circuit between e, and e.
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Z is the synchronous impedance of the motor, if e0 is its ter-
minal voltage. It is the impedance of transmission line with
transformers and motor, if e0 is terminal voltage of generator, and
Z is synchronous impedance of motor and generator, plus impe-
dance of line and transformer, -if eo is the nominal induced e.m.f. of
the generator (corresponding to its field excitation).

It is, then:
E0=E iZ (3)

or:
eo +j e0 e'+je"+ir-j ix (4)

and, resolved:
{eo' -e 'rir (5)

leoP -e J-i x (6)

The power output of the motor (inclusive of friction and core
loss, and, if the exciter is driven by the motor, power consumed
by exciter) is current times energy component of induced e.m.f.,
or:

PO = e' i (7)

Hence, the calculation of the motor, from power output P.,
occurs by the equation:

Chosen: i current.

(7) e= Poli
(5) c'e e' +ir

(1) eo' = i P'7 - eo'2
(6) e" = e"+ ix

(2) e =le 12 + e1/2
That is, at given power PO, to every value of current i corres-

pond two values of the counter e.m.f. e (and hence the field exci-
tation).

For illustration are plotted in Fig. 2, curves giving the current
i as function of the counter e.m.f. e, at constant power PO, the
so-called " synchronous motor phase characteristics," for the
values:

e = 2,200 volts

Z =1-4johms
and; P0 = 20, 200, 400, 600, 800, 1,000 k.w. output.
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The five equations of the synchronous motor:

(I) e02 - 2+= 2

(2) e2 = e'2+e"2

(7) Po =e'i

(5) e0'I 'e+ir

(6) e0" e'--ix

determine the five quantities: e0', eo", el, e" e, as functions of P0
and i.
The condition of zero phase displacement, or unity power

factor at the impressed e.m.f. e., is:
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FIG. 2.

eo =0

hence: e/ ==e, and

(6) ell x

(5) e' e- -ir
hence:

e2 (eo-i r)2 +i2x (8

a quadratic equation, the hyperbola of unity power factor,
shown as dotted line in Fig. 2.
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In this case, the power is found by substituting e - ir in

P0=e,as:
PO -e i-i2r (9)

or:

2 r 5} (10)

As maximurm output of the synchronous motor follows here-
from:

-4r00
e 2

in above instance:

PO= 1,210 k.w. at: i 1,100 amps.

The curve of unity power factor (8) divides the synchronous
motor phase characteristics into two sections, one, for lower e,
with lagging, the other with leading current.
The study of these phase characteristics, Fig. 2, gives the

best insight into the behavior of the synchronous motor under
conditions of steady operation.

Of special interest are the load curves of the synchronous
motor, or curves giving, at constant excitation: c =-- constant,
the current, power factor, efficiency and apparent efficiency as
function of the load or output P P0 - (friction+ core loss +
excitation). Such load curves are represented in Figs. 3, 4, 5, 6,
7. for e = 1,600, 2,800, 2,000, 2,400, 2,180 volts. They are de-
rived from Fig. 2 as the intersection of the curves P0 = con-
stant with the vertical lines e -constant.

Hence, while an induction motor has one load curve only, a
synclhronous motor has an infinite series of load curves, depend-
ing upon the value of e.

As seen, for low values of e (c = 1,600, under excitation, Fig.
3), the load curves are similar to those of an induction motor.
The current is lagging, the power factor rises from a low initial
value to a maximum, and then falls again. With increasing
excitation (e = 2,000, Fig. 5) the power factor curve rises to
values beyond those available in induction motors, approaches
and ultimately touches unity, and with still higher excitation
(e - 2,180, Fig. 7) two points of unity power factor exist, at
P = 20 and P = 450 k.w. output, which are separated by a
range with leading current, while at very low and very high load



7$6 STEINMETZ: SYNCHRONOUS MOTOR. [June 1S

FIG. 3.
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the current is lagging. The first point of unity power factor
moves toward P = 0, and then disappears, that is, the current
becomes leading already at no load, and the second pcrint of
unity power factor moves with increasing excitation toward
higher loads, from P = 450 k.w- at e = 2,180 in Fig. 7, to P =

700 k.w. at e = 2,400 and P = 900 k.w. at e = 2,800, while the
power factor and thereby the apparent efficiency decrease at
light loads. The maximum output increases with the increase
of excitation and almost proportionally thereto.
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FIG. 5.

It is interesting that at c 2,180, the power factor is practi-
cally unity over the whole range of load up to near the maximum
output. It is shown once more in Fig. 7 with increased scale
of the ordinates. A synchronous motor at constant excitation
can, therefore, give practically unity power factor for all loads.
The resistance r = 1 ohm is assumed so as to,represent a syn-

chronous motor inclusive of transmission line, with about 9%
loss of energy in the line at 400 k.w. output.
The friction and core losses are assumed as 20 k. w., the excita-

tion-as 4 k.w. at e = 2,000.
Considering the intersections of a horizontal line with th
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constant power curves of Fig. 2, gives the characteristic curves
of the synchronous motor when operating on constant current.
Such curves are shown for i 300 in Fig. S. They illustrate
that at the same impressed voltage with the same current input.,
the power output of the synchronous motor may vary over a wide
range, and also that for each value of, power output two points
exist, one with lagging, the other with leading current.
As regards phase characteristics and load characteristics,

the same applies to the synchronous converter as to the syn-
chronous motor, except that in the former the continuous cur-
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FIG. 6.

rent output affords a means of automatically varying the excita-
tion with the load.

IL.
In the preceding theory of the synclhronous motor the assump-

tion has been made that the mechanical output of the motor
equals the power developed by it. This is the case only if the
motor runs at constant speed. If, however, it accelerates, the
power input is greater, if it decelerates, less than the power out-
put, by the power stored in and returned by the momentum.
Obviously, the motor can neitlher constantly accelerate nor
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decelerate, without breaking out of synchronism, since the
counter e.m.f. e rnust remain within a quarter wave of the im-
pressed e.m.f. e., assuming the latter as of constant frequency.

If, for instance, at a certain moment the power produced by
the motor exceeds the mechanical load (as, for instance, in the
moment of throwing off a part of the load), the excess power is

100

- . ---tX=---1-97 096

95r

-- J001W_ X-X- -100
OWRFACTOR - - -

_F POE T T-7|iOt

_ _ ~~~~~~~~~~90

- ~~~~~~ -- ~~~~~AIAPERS

FIG.__ 70 700

90 9_0_0

1-- 1 ~~~~~~~~~~~~~~~~~~50 900

I- 50-~~~2200 V -~
consumed bythmmetu accleato2180 v_ 49 40n

~~~~~~~~~~300

I 20, 200

~~~10 100

--- -. O~~~~~KLOVYATT ___
1002900 5 0 9

6 0i -

consumed by the momentum as acceleration, causing an increase
of speed. The result thereof is that the phase of the counter
e.m.f. e is not constant, but the vector e (in Fig. 1) moves back-
ward to earlier time, or counter-clockwise, at a rate
depending upon the momentum Thereby the current changes
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and the power developed changes and decreases. As soon as
the power produced equals the load, the acceleration ceases, but
the vector e still being in motion, due to the increased speed,
further reduces the power, causing a retardation and thereby a
decrease of speed, at a rate depending upon the mechanical
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momentum. In this manner a periodic variation of th-e phase
relation between e and e0, and corresponding variation of speed
and current occurs, of an amplitude and period depending upon
the circuit conditions and the mechanical momentum.
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If the amplitude of this pulsation has a positive decrement,
that is, is decreasing, the motor assumes after a while a constant
position of e regarding eo, that is to say, its speed becomes uni-
form. If, however, the decrement of the pulsation is negative, an
infinitely small pulsation will continuously increase in amplitude,
until the motor is thrownl out of step,or the decrement becomes
zero, by the power consumed by forces opposing the pulsation,
as anti-surging devices. If the decrement is zero, a pulsation
started once will continue indefinitely at constant amplitude.
This phenomenon, a surging by what may be called electro-
mechanical resonance, must be taken into consideration in a
complete theory of the synchronous motor.

Let:

Eo CO = impressed e.m.f., assumed as zero vector.
L e (cos P±+j sin /B) = e.m.f. consumed by counter e.m.f.

of motor where ,B-phase angle between EB and E.
Let:
Z = r -jx, z =- r2 +x2 = impedance of circuit between E,

and E, and: tan a = x/r

The current in the system is:

e0-E eo- e cos ,B j e sin ,9
so z r- ix

-(1/z) {[e0 cos a - e cos (a±+ )] +±j [e0 sin a - e sin (a+,)]}
(11)

The power developed by the synchronous motor is:

PO -[EIl

= (e/z) '[cos 1 [eo cos a e cos (a+,)] + sin P [eo sin a -e

sin (a+)]

-(e/¢) [e0cos(a-T-e cos a]; (12)

If, now, a pulsaton of tlhe synchronous motor occurs, resulting,
in a change of the phase relation fl between the counter e.m.f. e
and the impressed e.m.f. e, (the latter being of constant fre-
quency, thus constant phase), by an angle a where a is a periodic
function of time, of a frequency very low compared with the
impressed frequency, then the phase angle of the counter e.m.f. a
is: ,B + ; and the counter e.m.f. is:
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E =elcos(#+J)+jsin(P+8)'
hence the current:

I = (l/z) I[e0 cos a - e cos (a+±+a)] + j [eO sin a - e sin

(a +,B+ a)])X
2 e sin

-Io+ sin - 2sin (a + + 2)-j cos(d+3+20 z 2 2(++-)- \ 2 S (13)

the power:

P = e/z {e0 cos (a - -) e cos a

_pot2ee+ sin -sin (a -) (14)

Let now:
vo = mean velocity (linear, at radius of gyration) of syfi-

chronous machine
s = slip, or decrease of velocity, as fraction of v0, where s is a

(periodic) function of time; hence:
v = v0 (1 - s) = actual velocity, at time t.
During the time element dt, the position of the synchronous

motor armature regarding the impressed e.m.f. e0, and thereby
the phase angle 8 + a of e, changes by:

d8 -2rNsdt
= sdsD (15)

where: p=2 7 N t

and: N -frequency of impressed e.m.f. eO
Let:

in = mass of revolving machine elements, and
MO =Im v2 = mean mechanical momentum, reduced to

joules or watt-seconds, then the momentum at time t and
velocity v = vO (1- s) is:

M =i m vO2 (1 -S)2
and the change of momentum during the time element dt is:

d M 2 d s
cie - msa (1 o

hence, for small values of s:
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d M 2ds d
dt d y dt

d s d ~o
-Md s dt (16)

since:
d- 2 7rN and from (15):

dt ~~~
p

J= - ?

d s d28
d =o dcp2

it is:

dt 4NM d 2 (17)

Since, as discussed, the change of momentum equals the differ-
ence between produced and consumed power, the excess of
power being converted into momentum, it is:

d M
° Po dt (18)

and, substituting (14) and (17):

n-----sin (a ) +27rNMO d2=
z 2 2)±2 19

Assuming J as a small angle, that is, considering only small
oscillations, it is:

sin7sn2 -2~
sin [a- - ] sin (a-9)

hence, substituted in (18):

--a sin (a-- 3) + 4 7w NM,, - °z d I? (20)
and, substituting:

e eo sin (a -,)
47rNzM, (21)

it is:
a +d-,,2 =0 (22)

This differential equation is integrated by:
J = A c Cp (23)

which, substituted in (22) gives:
a A eCw + A C2eC - 0
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*a+C" = O

C = : a (24)

(1) If a < O,itis:

a= Al e+mo + A2 C-M(i

where

- /- a = V/e eo sin (9-a)
4 7r N z M

Since in this case, +mo is continually increasing, the syn-
chronous motor is unstable. That is, without oscillation it drops
out of step, if ,B > a

(2) If a > 0, it is, denoting

,n=4 \v/-= + /e e, sin (a-)a ~~~4r N zM

a = A,+jfln + A2 C-ino

+1n6 +jno
or, substituting for e and e the trigonometric func-
tions:

a =(A1+A2) cos n +j (A1-A2) sin nis

or: = B cos (n sD +;r) (25)

That is, the synchronous motor is in stable equilibrium, when
oscillating with a constant amplitude B, depending upon the
initial conditions of oscillation, and a period, which for small
oscillations gives the frequency of oscillation:

No = nN

N/Ae e,, sin (a - (26)
4 7 z MO

In the instance given in Part I it is:
eO - 2,200volts. Z = 1-4johms,or: z = 4.12; a = 760
Let the machine, a 16-polar 60-cycle 400 k.w. revolving field

synchronous motor, have the radius of gyration of 20", a weight
of the revolving part of 6,000 lbs.
The momentutm tlhen is: .M/, = 850.000 joules.
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Deriving the angles f, corresponding to given values of output
P and excitation e, from the polar diagram, or from the symbolic
representation, and substituting in (26), gives the frequency of
oscillation:

P = 0:
e= 1600 volts ,G= -2° No = 2.17 cycles, or 130 periods per min.

2180 + 30 2.50 150 " " "
2800 " + 50 2.85 169

P = 400 k.w.
e = 1600 volts ,=33° No =1.90 cycles, or 114 periods per min.

2180 " 210 2.31 139
2800 ' 220 2.61 154

As seen, the frequency of oscillation does not vary much with
the load and with the excitation. It slightly decreases with in-
crease of load, and it increases with increase of excitation.

In this instance, only the momentum of the motor has been
considered, as would be the case for instance in a synchronous
converter.

In a direct connected motor-generator set, assuming the mo-
mentum of the direct current generator armature equal to 60%
of the momentum of the synchronous motor, the total momen-
tum is: MO =c 1,360,000 joules, hence, at no load:

P = O
e = 1,600 volts: No = 1.72 cycles, or 103 periods per min.

1.98 " 119
1.23 134

III.
In the precedirng discussion of the surging of synchronous

machines, the assumption has been made, that the mechanical
power consumed by the load is constant, and that no damping
or anti-surging devices were used.
The mechanical power consumed by the load varies, however,

more or less with the speed, approximately proportional to the
speed if the motor directly drives mechanical apparatus, as
pumps, etc., and at a higher power of the speed if driving direct
current generators, or as synchronous converter, especially
when in parallel, with other direct current generators. Assum-
ing, then, in the general case the mechanical power consumed by
the load to vary, within the narrow range of speed variation con-
sidered during the oscillation, as the p th power of the speed, in
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the preceding equation instead of PO is to be substituted: PO.
(1-s) PPO (1 -p s).

If anti-surging devices are used, and even without these in
machines in which eddy currents can be induced by the oscilla-
tion of slip, in solid field poles, etc., a torque is produced more or
less proportional to the deviation of speed from synclhronism.
This power assumes the form P1 = c2s, wlhere c2 is a function of
the conductivity of the eddy current circuit and the intensity of
the magnetic field of the machine. c2 is the power which would
be required to drive the magnetic field of the motor tlhrough the
circuits of the anti-surging device at full frequency, if the same
relative proportions could be retained at full frequency as at the
frequency of slip s. That is, P1 is the power produced by the
motor as induction machine at slip s. Instead of P, the power
generated by the motor, has to be substituted then in the pre-
ceding equations the value P+P1.
The equation (18) then assames the form:

P+P1-P0 (1-ps) = --d-Mdt
or:

(P-P0)+(P1+PPoS)= dM-dt (27>

or, substituting (17) and (14)

2e--°sin-1 sin[a- 2
2 [ 21±c2pP) d2+
47rNM 20 =0 (28)

and, for small values of 8:

aa + 2 b -+ = (29)

a
e eo sin a -

a=47NzM0
b c2 + PO

8 wrN MO (30)
Of these two terms b represents the consumption, a the oscilla-

tion of energy by the pulsation of phase angle ,. b and a thus
have a similar relation as resistance and reactance in alternating
current circuits, or in the discharge of condensers. a is the
same term as in part IT.
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Differential eqVation (29) is integrated by:
which, substituted in (29) gives:

Co
a = A e (31)

aA e +2bCA ±C2A =0

a+2 b C+2 =0

-which equation has the two roots:
C1 =-+b /bb2 a

C2 b-- Vb2=a (32)

(1) If: a < 0, or negative, that is, ,B < a, C1 is positive and
C2 negative, and the term with C1 is continuously increasing,
that is, the synchronous motor is unstable, and, without oscilla-
tion, drifts out of step.

(2) If: 0 < a < b2, or a positive, and b2 larger than a (that
is, the energy consuming term very large), C' and C2 are both
negative, and, by substituting: + ,\b2 - a = f, it is:

C1 = (b - f), C2 -(b+f)
hence:

-(b_) 9 -(b + f)
a= Al6 +A26E(33)

That is, the motor steadies down to its mean position logarith-
mically, or without any oscillation.

b2 < a

or: 16 N-M < e eo sin z (34)16N 0

is the condition under which no oscillation can occur.
As seen, the left side of (34) contains only mechanical, the

right side only electrical terms..

(3) a > b2.
In this case, Vlb2 =a is imaginary, and, substituting:

g = -b2
it is:

C, =-b + jg
C2- b - jg

hence
-bb +±go-s90

, [A1 +A2e ]
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and, substituting the trigonometric for the exponential functions,
gives ultimately:

-bo
== B E cos (g +J) (35)

That is, the motor steadies down with an oscillation of period:

N0 = g N

V/Neeosin(a-/) (C2+ppo)2
4 7r z M 64 72 M02] (36)

and decrement or attenuation constant.

bd + p Po8 z ATM0

IV.
It follows, however, that under the conditions considered, a

cumulative surging, or an oscillation with continuously increas-
ing amplitude, cannot occur,. but that a synchronous motor,
when displaced in phase from its mean position, returns thereto
either aperiodically, if b2 > a, or with an oscillation of vanishing
amplitude, if b2 < a. At the worst, it may oscillate with con-
stant amplitude, if b = 0.

Cumulative surging can, therefore, occur only if in the differ-
ential equation,

doa d2 a
ad + 2b + =0 (29)

the coefficient b is negative.
Since c2, representing the induction motor torque of the damp-

ing device, etc., is positive, and p PO is also positive (p being
the exponent of power variation with speed), this presupposes

- h~2the existence of a third and negative term
87 NM

in b:

c2 +p Po-2
8 = NMO (39)

This negative term represents a power:

P ==-h2 s (38)2

that is, a retarding torque during slow speed, or increasing ,B, and
accelerating torque during high speed, or decreasing ,9.
The source of this torque may be found external to the motor,

or internal, in its magnetic circuit.
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External sources of negative P2 may be, for instance, the
magnetic field of a self-exciting direct current generator, driven
byv the synchronous motor. With decrease of speed, this field
decreases, due to the decrease of generated voltage, and in-
creases with increase of speed. This change of field strength,
however, lags behind the exciting voltage and thus speed, that is,
during decrease of speed the output is greater than during in-
crease of speed. If this direct current generator is the exciter
of the synchronous motor, the effect may be intensified.
The change of power input into the synchronous motor, with

change of speed, may cause the governor to act on the prime
mover driving the generator, which supplies power to. the motor,
and the lag of the governor behind the change of output gives a
pulsation of the generator frequency, of e0,which acts like a nega-
tive power P2. The pulsation of impressed voltage, caused by
the pulsation of ,B, may give rise to a negative P2 also.
An internal cause of a negative term P2 is found in the lag of

the synchronous motor field behind the resultant m.m.f. In the
preceding discussion, e is the " nominal induced e.m.f." of the
synchronous machine, corresponding to the field excitation.
The actual magnetic flux of the machine, however, does not cor-
respond to e, and thus to the field excitation, but corresponds ta
the resultant m.m.f. of field excitation and armature reaction,
which latter varies in intensity and in plhase during the oscilla-
tion of ,B. Hence, while e is constant, the magnetic flux is not
constant, but pulsates with the oscillations of the machine.
This pulsation of the magnetic flux lags belind the pulsation of
m.m.f., and thereby gives rise to a term in b equation (37). If
FPo /,B e, eo, Z are such that a retardation of the motor increases
the magnetizing, or decreases the demagnetizing force of the
armature reaction, a negative term P2 appears, otherwise a
positive term.
P2 in this case is the energy consumed by the magnetic cycle

of the machine at full frequency, assuming the cycle at full fre-
quency as the same as at frequency of slip s.
Or inversely, c may be said to pulsate, due to the pulsation of

armature reaction, with the same frequency as /3, but with a
phase, which may either be lagging or leading. Lagging of the
pulsation of e causes a negative, leading a positive P2.

P2, therefore, represents the power due to the pulsation of e
caused by the pulsation of the armature reaction.
Any appliance increasing the area of the magnetic cycle of
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pulsation, as short-circuits around the field poles, therefore,
increases the steadiness of a steady, and increases the unsteadi-
ness of an unsteady synchronous motor.

In self-exciting synchronous converters, the pulsation of e is
intensified by the pulsation of direct current voltage caused
thereby, and hence of excitation.

Introducing now the term P2 -h2 s into the differential
equations of Part III., gives the additional cases:

b < 0, or negative, that is:

c2 +p Po _h2
___

8N M1 Mo< (39)

Hence, denoting:
1b2 -2 _ p P0

bl=- b
87zN M'l

gives:
(4) if: bl2 > a: =a

+(bi J) b-f)p
a Al +A2 EA (40)

That is, without oscillation, the motor drifts out of step, ir
unstable equilibrium.

(5) if: a>b2: g
+ bi 0

a = B E cos (g 9+J) (41)
That is, the motor oscillates, with constantly increasing am-

plitude, until it drops out of step. This is the typical case of
cumulative surging by electro-mechanical resonance.
The problem of surging of synchronous inachines, and its

elimination, thus resolves into the investigation of the coefficient:

b
±pc P - h2

8 Xr TNM

while the frequency of surging, where such exists, is given by:

/(N e eOsin (a-) (C2 + pPoDh2)2
0 4 Z z0 M0 64 72 M 2

Case (4), steady drifting out of step, has only rarely been ob-
served.
The avoidance of surging thus requires:
(1) An elimination of the term h2, or reduction as far as pos-

sible.
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(2) A sufficiently large term c2 or
(3) A sufficiently large term p P,.
(1) refers to the design of the synchronous machine and the

system on which it operates. (2) leads to the use of electro-
magnetic anti-surging devices, as an induction mlotor winding in
the field poles, short-circuits between the poles, or around the
poles, and (3) leads to flexible connection to a load or a mo-
mentum, as flexible connection with a flywheel, or belt drive of
the load.
The conditions of steadiness are:

,B < a

c2+pPo-hA > 0
and if:

(c+±pPO-2)2 e e0 sin (a-y3)
(16r NM0) z

no oscillation at all occurs, otherwise an oscillation with de-
creasing amplitude.


